The article presents the work of the Water Treatment Plant in the town of Otoczna, located in the Wielkopolska province, before and after the modernization of the technological line. It includes the quality characteristics of the raw water and treated water with particular emphasis on changes in the quality indicators in the period 2002 -2012 in relation to the physicochemical parameters: the content of total iron and total manganese, the ammonium ion as well as organoleptic parameters(colour and turbidity). The efficiency of technological processes was analysed, including the processes of bed start up with chalcedonic sand to remove total iron and manganese and ammonium ion. Based on the survey, it was found that the applied modernization helped solve the problem of water quality, especially the removal of excessive concentrations of iron, manganese and ammonium nitrogen from groundwater. It has been shown that one year after modernization of the technological line there was a high reduction degree of most parameters, respectively for the general iron content -99%, general manganese -93% ammonia -93%, turbidity -94%. It has been proved, that chalcedonic turned out to be better filter material than quartz sand previously used till 2008. The studies have confirmed that the stage of modernization was soon followed by bed start-up for removing general iron from the groundwater. The stage of manganese removal required more time, about eight months for bed start-up. Furthermore, the Keywords: groundwater and treated water, iron and manganese removal process, the physicochemical and organoleptic parameters of drinking water
INTRODUCTION
Water as a source of life was included in the definition of food and must comply with sanitary requirements specified in the Regulation of the Minister of Health from 29th of March 2007 (The Journal of Laws of the Republic of Poland No. 61, item. 417) [12] . Groundwater is an important source of drinking water. However, like other elements of the natural environment, it is exposed to the influence of anthropogenic factors [17] . Therefore, it must be under special protection and systematic monitoring of quality. Groundwater usage values are much higher than surface waters due to the more favourable chemical and microbiological characteristics. In this context the positive factor is lack of pathogenic bacteria and viruses as well as toxic pollution. Groundwater at the same time has favourable and stable physicochemical properties. Despite the many advantages, only a small fraction of groundwater is suitable for direct use without treatment. A vast majority of groundwater requires iron and manganese removal. Therefore, these processes play a key role in water treatment technology [13] . The technology of groundwater treatment is in most cases simple. Iron does not usually create major problems and can easily be removed by using a conventional aeration and filtration system. In spite of this process iron may be present in drinking water also as a result of using ferric coagulants or due to corrosion of steel and cast iron water pipes. The problem is more complex when not only iron is present but also other additives such as manganese. Iron oxide and manganese oxide have a particularly negative impact, because they form porous and unstable coatings, which may cause pitting as well as homogeneous corrosion. The destruction of water system by corrosion exposes water companies to serious losses resulting from the necessity of network renovation and also from the increase of the water flow resistance [5] . According to Kuś et al. [6] , meeting the requirements concerning content of iron, turbidity and colour of the water is a very difficult task to achieve while operating in heavily corroded pipelines. Despite years of research, the problem of efficient purification of groundwater from excessive contents of iron, manganese and ammonia nitrogen still exists. New efficient and cost-effective methods of removing these contaminants from water are still a subject of research. [3] .
The main purpose of this study was to determine the effectiveness of iron, manganese and ammonium ions removal in the selected Water Treatment Plant in the Wielkopolska province before and after modernization. The effectiveness of water treatment was evaluated based on the removal degree of the individual physicochemical and organoleptic parameter of water quality.
SUBJECT AND METHOD OF RESEARCH

Subject of research
The subject of research was raw and treated water in a municipal water intake plant located in the north -eastern part of the village Otoczna in the municipality of Września in the Wielkopolska province. This plant supplies drinking water and water for economic purposes for the residents of the villages of Otoczna, Sędziwojewo, Stanisławowo, Gutowo Wilekie, Kleparz, Grzybowo, Wódki, Sobiesiernie, Węgierki, Gonice and Goniczki. ), -pressure aeration with compressed air supplied to the screen-adjacent aerators (four pressure aerators with a diameter of DN 600 for each filter), -pressure filters with a diameter of 1400 mm (4 pieces) filled with sand bed with a height of about 1.1 m. The technological line described had low efficiency in the technological process of raw water aeration in screen-adjacent aerators. Therefore, there was poor oxygenation of water, resulting in a deficit of oxygen which was insufficient to meet the stoichiometric requirements for the oxidation of iron, manganese and ammonium ion. Furthermore, devices were in a very poor condition as a result of the progressive corrosion. Therefore, it was necessary to modernize the system to make it possible to implement new modernized solutions. 
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The samples of raw and treated water from the water intake in the village of Otoczna were collected once a week. The data presented in this study are means of 48 replications.
RESULTS AND DISCUSSION
The essential factors causing corrosion are low alkalinity, a high oxygen content resulting from the presence of strong oxidizers in water such as chlorine and ozone, as well as an increased level of sulphates and chlorides. In the present study, regardless of the modernization stage, the reaction of the drinking water analysed was very stable and ranged from 7.4 to 7.8. However, the fundamental drivers of the water supply system corrosion phenomena are compounds of iron and manganese, leading to the accumulation of oxide deposits. Total iron in the ground water may be present in a wide range of concentrations, from trace amounts up to about 30 mg L -1 [13] . According to the data in Table 1 At the water treatment plant, the process of removing total iron and manganese from ground water after the modernization was performed in the oxidation deposits with activated chalcedonic sand. Grains of these deposits were covered with permanent coatings of Fe 2 O 3 in the iron removal area and MnO 2 in the manganese removal area. The production of these oxides was the essence of deferrization and manganese removal processes Table 2 ). According to Kowal and Świderska-Bróż [5] at concentrations above 0.3 mg Fe •L -1 , there is no detectable taste in water, but such concentration may cause a different colour and turbidity of water also an excessive iron content in the water creates favourable conditions for the growth of iron bacteria, which derive energy from the oxidation of ferrous ion and form greasy deposits covering the water pipes [18] . and a high -99% reduction of this element ( Table 2 ). The positive results of the improved quality of treated water after the modernization of the plant are shown in the Figure 1 . Analysing this phenomenon on a monthly basis, it is can be seen that before the modernization process of the technological system, the average content of total iron ranged from 0.024 to 0.067 mg•L According to Sozański and Dymaczewski [13] the concentration of total manganese in extracted waters is more than tenfold lower than the concentration of total iron. The data presented in Table 1 do not reflect such a trend. In the analysed water intake the quantitative difference between total iron and manganese was fourfold. Regardless of this aspect, the amount of total manganese in the raw water during the period 2002 -2007 ranged from 0.285 -0.582 mg•L -1 , which was a 2.0 times difference ( Table 1 ). The modernization process contributed to the stabilization of the level of concentration of metal in the range of 0.247 to 0.302 mg•L -1 (Table 1) . Water treatment before the modernization resulted in a reduction of manganese by 49 -76%, corresponding to concentrations of 0.080 (2006) (Table 2 ). In the view of the acceptable standards for drinking water (Journal of Laws of the Republic of Poland, No. 61, item. 417) [12] these values exceeded the above standards by 1.5 -3.0 times. The manganese level above 0.1 mg•L -1 [5] is usually tolerated by consumers of water. However, as the quoted authors emphasize, concentrations exceeding 0.1 mg•L -1 manganese lead to dirty sanitation and laundry, and also cause an undesirable flavour of beverages. Furthermore, some microorganisms accumulate in the cells of manganese, which creates problems with the taste, odour and turbidity of water supplied by the water distribution system [1] . The modernization of the plant significantly improved water quality by reducing the value of this parameter. According to the data in Table 2 , since 2011 the total manganese concentration in treated water remained below 0.02 mg•L -1 , which was associated with the reduction of total manganese on the level of 93%. The changes in the quantity of total manganese on a monthly basis in the year before and after the modernization are presented in Figure 2 . According to the presented data, before modernization the general manganese content ranged from 0.041 to 0.144 mg•L -11 , with the highest quantities in July and September. However, the optimization of the manganese removing process after the modernization was reached only after eight months' start-up of the filter material by creating natural coating of manganese oxides on chalcedonic sand grains. From January to September 2010 the monthly average content of total manganese in treated water was 0.211 mg•L -1 (Figure 2) , which exceeded the acceptable concentration level more than four times. As of February 2010, a gradual decline of this parameter was observed, and finally in September the content of that pollutant in treated water was reduced to a level below the scope of accreditation for the determined test method, i.e. 0.02 mg•L -1 . On the basis of the authors' own research as well as in the light of reports of Weber and Szambelańczyk [15, 16] it appears that chalcedonic is a better filter material than previously used quartz sand. According to Jeż-Walkowiak et al. [2] chalcedonic should be regarded as a material of great potential for use in sanitary engineering as filtering material with high efficiency for removing iron compounds during water treatment. This material has no significant adsorption or catalytic properties. Therefore, effective manganese removal on chalcedonic deposit can occur only after the natural start-up of material, when the grains get covered with a coating of manganese oxides [7, 8] . The quality control of treated water also includes the monitoring of the ammonium content. According to Zięba [19] , it is caused by the negative impact of this compound on the effectiveness of chlorine disinfection, causing formation of nitrite, difficulties in manganese removal, reduction of oxygen, creating an undesirable smell and taste of the water and the deterioration of the bacteriological composition of the water in the system. On the basis of the authors' own research (Table 1 and 2) and a study conducted by Michel [8] it appears that chalcedonic is also a good material to successfully remove ammonium from raw water in the process of nitrification. (Table 1) . However, in light of the reports by Sozański and Dymaczewski [13] about possible concentration of ammonium ions in water from traces to 9.5 mg•L -1 , these values can be considered as positive only if the data in Table 2 . It can be assumed that the increased ammonium content was caused by the incomplete chalcedonic bed start up after the modernization, as well as the low water temperature during these months. According to Kowal [4] , the efficiency of nitrification leading to the reduction of ammonia in treated water can be increased by a high water temperature, a narrow ratio of Cl 2 :NH 4 , and a long period of the flow of water in the system. During the other months of 2010, the average content of ammonium in the treated water was 0.053 mg•L -1 . For customers the most important factors in assessing the quality of water are organoleptic indicators, such as colour and turbidity. According to Sozański and Huck [14] they are closely related by cause and effect systems with many other technological issues. The colour is usually caused by the presence of coloured organic substances, which are associated with the humus fraction of the soil.
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This indicator depends on the content of iron and other metals, which can be natural ingredients of water or products of corrosion. This statement was confirmed in the conducted research. A simple correlation analysis (data not presented) shows that the colour was in 82% determined by the total iron content. However, the colour of raw water was in 58% determined by total iron and in 60% by total manganese. According to tabular data, the colour of raw water varied within a wide range of values from 22. (Table 1 ). In light of the reports by Dymaczewski and Sozański [13] the colour parameters indicated above should be considered as typical, because according to them this parameter can vary from 0 -170 mgPt·L -1 . Regardless of this, the degree of colour reduction in treated water during the period 2002 -2007 ranging from 27 to 76% should be regarded as negative ( Table 2 ). The implemented modernization process of the station improved the quality of treated water only by a small degree from this point of view. According to the data in Table 2 , so it exceeded the value which is acceptable by the Regulation of the Minister of Health. As a consequence, there was a small reduction of this component ranged from 42 to 50%. As previously mentioned, the aesthetic perception of treated water is strictly correlated with turbidity. A large value of this pollutant facilitates the growth of microorganisms in water, increases the chlorine demand for disinfection and reduces its effectiveness. A value higher than 5 NTU is detectable by consumers. However, during disinfection, it is desired to have less than 1 NTU turbidity [13] . Moreover, the above authors observed that this parameter can take values in a wide range of 0 to 155 NTU, the same as in the case of the colour. In our study, in the analysed samples of raw water during the period 2002 -2007 this parameter was fluctuating, taking values in the range of 1.10 NTU to 6.88 NTU, which was a 6 times difference ( Table 1 ). The modernization process of the station did not have a crucial effect on changing this parameter in raw water. As shown in Table 1 Table 2 ). The modernization contributed to positive changes in turbidity, because as shown in Table 2 , the reduction of this organoleptic index was on the level of 90 -97% (in the years 2010-2012). At the same time the estimated value was less than 0.20 NTU, which was in line with the standards
